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NOTES  ON  SOME  NORTH  AMERICAN  CONIFERS 
BASED  ON  LEAF  CHARACTERS. 


L.  W.  DURRELL. 


Leaf  characters,  unlike  stem  characters,  are  as  a  rule  sub¬ 
ject  to  such  variations  that  they  form  an  unreliable  basis  of 
comparison  between  plants.  Conifer  leaves  on  the  contrary, 
because  of  their  simplicity  as  compared  with  other  leaves,  show 
a  large  degree  of  uniformity,  particularly  in  those  characters 
seen  in  cross  section. 

In  preparing  material  for  a  class  in  dendrology  it  occurred  to 
the  writer  to  make  sections  of  conifer  leaves  to  show  these  loaf 
characters  that  they  might  be  used,  not  wholly  as  a  means  of 
identification  in  themselves,  but  to  supplement  other  identify¬ 
ing  characters.  Leaves  of  all  the  arboreal  conifers  of  North 
America  bearing  needle  leaves  (except  Pinns )  were  examined  and 
the  characters  of  the  same  species  were  found  to  be  constant 
even  though  the  specimens  come  from  widely  separated  locali¬ 
ties.  With  this  in  mind  camera-lucida  drawings  were  made  of 
representative  sections  taken  from  the  middle  of  mature  leaves 
from  different  points  on  the  branch,  and  the  drawings  supple¬ 
mented  by  a  description  of  the  section  when  treated  with  re¬ 
agents  to  differentiate  the  histological  elements. 


As  the  leaf  characters  of  conifers  have  frequently  been  dis¬ 
cussed  and  used  in  identification,  the  following  drawings  rather 
than  the  keys  or  description  are  of  most  importance,  as  a  means 
of  quick  and  vivid  portrayal  of  these  characters.  The  drawings 
endeavor  to  show  all  the  characters  seen  in  cross  section  both  as 
a  whole  and  in  detail,  except  in  the  ease  of  the  stomata,  which, 
because  of  their  alternate  arrangement  in  their  rows,  do  not 
appear  in  the  regular  number  in  any  one  section. 

The  scale  of  magnification  for  each  plate  is  the  same — the 
drawing  of  the  whole  section  in  each  case  is  enlarged  to  40 
diameters  while  the  detailed  drawings  are  enlarged  to  260  di¬ 
ameters,  except  in  the  case  of  Plates  XL  and  LXYI,  which  are 
reduced  one-third  more  than  the  other  plates. 
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IOWA  ACADEMY  OP  SCIENCE 


It  is  interesting  to  note,  in  comparing  the  series  of  sections, 
the  presence  of  dichotomy,  as  manifest  in  the  double  vascular 
bundles,  and  its  disappearance  in  the  higher  conifers, — also  the 
development  of  palisade  parenchyma  in  all  flat  leaves.  Some¬ 
thing  of  phyletie  relationship  is  shown  in  some  of  the  sections, 
as  for  instance,  the  deeply  infolded  parenchyma  walls  of  the 
Larches,  linking  them  with  the  preceding  Pines;  with  the  de¬ 
crease  of  the  same  character  to  mere  corrugations  in  the  paren¬ 
chyma  walls  of  some  of  the  Spruces.  The  presence  and  de¬ 
crease  of  a  conspicuous  bundle  sheath  as  advance  is  made  through 
the  group,  is  also  notable. 


Note :  Throughout  the  descriptions  it  has  been  the  aim  to 
describe  all  the  characters  seen  in  section.  Most  reliance,  how¬ 
ever,  can  be  placed  in  the  appearance  of  such  characters  as  the 
vascular  bundles,  bundle  sheath,  i-esin  ducts  and  hypodermai 
cells,  as  they  show  most  constancy. 

The  characters  of  the  parenchyma  and  the  pithlike  cells  of 
the  vascular  bundles  can  not  be  considered  as  reliable,  though 
the  infolding  of  the  walls  of  the  former  appear  to  be  uniform. 

Throughout  the  Plates  it  has  been  the  aim  to  use  uniform 
means  of  portrayal.  The  shaded  space  without  the  epidermal  cells 
represents  cutin  except  where  this  is  very  thin,  where  only  a  line 
is  used  to  i*epresent  its  boundaries.  In  representing  the  phloem 
in  the  bundles  single  lines  are  used  to  distinguish  it  from  the 
thick  willed  xylem  though  in  many  cases  the  wails  are  as  thick 
as  those  of  the  xylem  cells,  though  not  lignified  as  is  the  xylem. 

The  numbei’ing  of  the  figures  of  the  plates  is  the  same  approx¬ 
imately  in  each  case — Figure  1  shows  the  leaf  section  as  a  whole. 
Figure  2,  section  of  epidermis.  Figure  3,  section  of  resin  duel 
if  present.  Figure  4,  section  of  vascular  cylinder. 
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ARTIFICIAL  KEY  TO  CONIFERS  BASED  ON  LEAF  SECTIONS. 


I.  Leaves  3  to  4-angled,  or  if  compressed  without  a  dorsal  groove. 

Vascular  cylinder  surrounded  by  a  conspicuous 
bundle  sheath.  Vascular  bundle  obscurely  divided. 
Resin  ducts  present  or  absent. 

2.  Walls  of  parenchyma  deeply  infolded . Larix 

2.  Walls  of  parenchyma  not  infolded,  smooth  or  only 

slightly  corrugated  . Picea 

I.  Leaves  more  or  less  flattened,  usually  grooved  above. 

2.  One  central  resin  duct. 

3.  Two  vascular  bundles . Tsuga 

3.  One  vascular  bundle,  leaves  very  small,  resin  duct 

inconspicuous  . Taxodium 

3.  One  vascular  bundle,  leaves  very  large,  resin  duct 

large  . Tumion 

2.  Two  lateral  resin  ducts. 

3.  Vascular  cylinder  surrounded  by  a  conspicuous 

bundle  sheath.  One  vascular  bundle. .  .Pseudotsuga 
3.  Vascular  cylinder  surrounded  by  a  group  of  pith¬ 
like  cells  or  an  inconspicuous  bundle  sheath. 

Two  distinct  bundles . Abies 

2.  Three  resin  ducts . Sequoia  sempervirens 

2.  No  resin  ducts.  One  vascular  bundle.  Walls  of  epi¬ 
dermal  cells  and  cutin  deeply  mammillated . Taxus 


KEY  TO  LARIX. 

I.  Leaves  3-angled  or  keeled. 

2.  Leaves  distinctly  3-angled.  Obscure  resin  ducts  in 

lateral  edges  of  leaf . L.  americana 

2.  Leaves  slightly  3-angled  or  flat  with  keel  on  ventral  side. 

No  resin  ducts . L.  occidentals 

I.  Leaves  4-angled  . L.  Lyalin 
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IOWA  ACADEMY  OF  SCIENCE 


LAB IX  AMERICANA  Michx.  Tamarack,  Larch. 

Leaves  decidedly  three-angled. 

Resin  ducts  obscure,  hut  present  at  extreme  edges  of  leaf.  They 
consist  of  an  opening  in  a  cluster  of  hypodermal  cells. 

Vascular  bundles  surrounded  by  a  definite  sheath  of  round  un- 
lignified  cells.  Xylem  bands  small  and  divided.  A  very 
few  isolated  lignified  cells  present  in  pith. 

Hypodermal  cells  present  in  small  groups  at  lateral  edges  of  leaf, 
also  one  layer  along  dorsal  and  ventral  midrib.  Not  lignified. 

Epidermal  cells  small,  round  and  unlignified. 

Walls  of  parenchyma  deeply  infolded. 

Material  from  trees  on  Campus  of  Iowa  State  College. 

LABIX  OCCIDENTALIS  Nutt.  Tamarack. 

Leaves  more  or  less  flat,  keeled  below. 

Resin  ducts  none. 

Vascular  bundle  surrounded  by  a  definite  sheath  of  round,  lig¬ 
nified,  loose  joined  cells.  Xylem  in  excess  of  phloem  with  a 
band  of  lignified  cells  extending  from  xylem  through  phloem 
to  a  group  of  lignified  strengthening  cells  below.  Xylem  bands 
slightly  separated. 

Hypodermal  cells  in  a  small  group  at  lateral  angles,  also  one 
layer  present  along  dorsal  and  ventral  midrib.  Lignified. 

Epidermal  cells  large,  round  and  lignified. 

Parenchyma  walls  infolded. 

Material  from  University  of  Washington. 


Plate  XXXIX. 

Figure  1'.  — Section  of  leaf  of  Larix  americana. 

Figure  1". — Section  of  leaf  of  L.  occidentalis. 

Figure  2". — Section  through  stoma  of  L.  occidentalis. 
Figure  3'.  — Section  through  resin  duct  of  L.  americana. 
Figure  4'.  — Section  of  vascular  cylinder  of  L.  americana. 
Figure  4". — Section  of  vascular  cylinder  of  L.  occidentalis. 
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IOWA  ACADEMY  OF  SCIENCE 


LARIX  LYALLII  Pari.  Tamarack. 

Leaves  4  angled,  1 — 1  y2  in.  long. 

Resin  duets  absent. 

Vascular  bundle  surrounded  by  a  definite  bundle  sheath  of 
round  unlignified  cells.  Lignified  cells  extending  in  a  band 
across  the  vascular  cylinder  comprise  the  xylem. 

Hypodermal  cells  present  at  angles  of  leaves — those  at  lateral 
angles  in  a  double  layer — lignified  epidermal  cells  small,  round, 
un-uniform  in  size  and  unlignified. 

Walls  of  parenchyma  not  deeply  unfolded. 


Material  from  California. 


Plate  XL, 

Figure  1. — Section  of  leaf  of  Larix  Lyallii. 

Figure  2. — Section  through  lower  epidermis  of  leaf  of  Larix 
Lyallii. 

Figure  3. — Section  through  lateral  angle  of  leaf  of  Larix 
Lyallii. 

Figure  4. — Section  of  vascular  cylinder  of  leaf  of  Larix 
Ljyallii. 
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IOWA  ACADEMY  OF  SCIENCE 


KEY  TO  PICEA. 

1.  Without  resin  ducts. 

2.  Leaves  4-angled.  Three  to  four  rows  of  stomata  on 
each  side  of  leaf.  Parenchyma  walls  smooth 

. P.  canadensis 

2.  Leaves  flattened.  Two  to  three  rows  of  stomata  on 
each  side  of  mid-rib  on  lower  surface.  Numerous 

stomata  on  upper  surface . P.  sitchensis 

1.  With  resin  ducts. 

2.  Resin  ducts  more  or  less  touching  lateral  angles 
Leaves  4-angled.  Four  to  seven  rowrs  of  stomata 

on  each  surface . P.  parryana 

2.  Resin  ducts  touching  ventral  sides. 

3.  Leaves  more  or  less  3-angled.  Four  to  five 
rows  of  stomata  on  each  upper  surface,  no 

stomata  on  lower  surface . P.  Breweriana 

3.  Leaves  4-angled. 

4.  Resin  ducts  very  large,  as  large  as  vascu¬ 
lar  cylinder  (in  some  leaves  one  or 
both  wanting).  Three  to  five  rows  of 
stomata  on  each  surface. .  .P.  Englemanni 

4.  Resin  ducts  small. 

5.  Two  layers  of  cells  lining  resin 
ducts.  Four  rows  of  stomata  on 
each  upper  surface.  Two  rows 

on  each  lower  surface . P.  rubens 

5.  One  layer  of  cells  lining  resin  ducts. 
Four  to  five  rows  of  stomata  on 
each  upper  surface.  Two  to 
three  rows  on  each  lower  sur¬ 
face  . P.  mariano 

PICEA  MARIANA  B.  S.  &  P.  Black  Spruce. 

Leaves  4-angled,  *4  to  %  inch  long. 

Resin  ducts  2,  small,  lateral,  touching  ventral  epidermis,  one 
layer  of  lignifled  cells  lining  the  duct. 

Vascular  bundles — Xylem  obscurely  separated,  cells  of  pith 
largely  lignified,  several  large  lignified  strengthening  cells  be¬ 
low  phloem.  Cells  of  bundle  sheath  lignified  at  their  junc¬ 
ture. 

Hypodermal  cells  in  one  layer  around  entire  periphery,  ligni¬ 
fied. 

Epidermis  lignified  on  inner  wall. 

Parenchyma  walls  corrugated. 

Stomata  2  to  3  rows  on  lower  side. 

4  to  5  rows  on  upper  side. 


Material  from  Campus  of  Iowa  State  College. 


Plate  XLI. 

Figure  1. — Section  of  leaf  of  Picea  mariana. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  mariana.. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  mariana. 
Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
mariana. 
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IOWA  ACADEMY  OF  SCIENCE 


PICE  A  RUBENS  Sarg.  Eed  Spruce. 


Leaves  4-angled.  to  %  inch  long. 

Besin  duets  2.  small,  lateral,  touc-liing  strengthening  cells  on 
ventral  side  below  the  angles,  ducts  lined  by  two  layers  of 
lignified  cells. 

Vascular  bundle — Xylein  very  slightly  divided,  a  group  of  thick 
walled  lignified  strengthening  cells  below  phloem.  No  ligni- 
fication  of  pith,  cells  of  bundle  sheath  lignified  where  joined. 

Ifypodermal  cells  around  entire  periphery,  thick  walled  except 
along  stomata  hands,  one  layer  thick  and  lignified. 

Parenchyma  walls  slightly  corrugated. 

Stomata.  4  rows  on  each  upper  side. 

2  rows  on  each  lower  side. 


Material  obtained  from  G.  S.  Sargent. 
Jamaica  Plains.  Massachusetts. 


Plate  XLII. 

Figure  1. — Section  of  leaf  of  Picea  rubens. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  rubens. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  rubens. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
rubens. 
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PICE  A  CANADENSIS  B.  S.  &  P.  White  Spruce. 
Leaves  4-angled,  1/3  to  %  inch  long. 

Resin  ducts  none  or  rarely  one. 

Vascular  bundles — Xylem  bands  separated  by  one  row  of  thin 
walled  cells,  cells  of  pith  lignifiecl  below  phloem,  also  a  few 
thick  walled  lignified  cells  below  phloem,  bundle  sheath  not  lig- 
nified. 

Ilypodermal  cells  in  one  layer  around  entire  periphery  ligni¬ 
fied. 

Parenchyma  walls  smooth. 

Stomata  in  3  to  4  rows  on  each  side  of  leaf. 


Material  from  Campus  of  Iowa  State  College. 


Plate  XLIII. 

Figure  1. — Section  of  leaf  of  Picea  canadensis. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  canadensis. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
canadensis. 


Iowa  Academy  Science 


Plate  XL1II 


4 


532 


IOWA  ACADEMY  OF  SCIENCE 


PICE  A  ENGELMANNI.  Engelm.  Engelman  Spruce, 

White  Spruce. 

Leaves  4-angled,  1  inch  to  1%  inches  long. 

Ilesin  ducts  2  (in  some  leaves  1  or  both  are  missing),  very  large 
(as  large  as  vascular  cylinder),  touching  epidermis  on  ventral 
side,  lined  with  2  layers  of  lignified  cells. 

Vascular  bundles — Xylem  most  noticeably  undivided,  pith  cells 
above  xylem  lignified,  large  irregular  cells  in  pith  below 
phloem  lignified,  cells  of  bundle  sheath  lignified  where  joined. 

Hypodermal  cells  present  around'  entire  periphery  in  1  layer 
with  increases  to  2  to  3  layers  at  angles,  heavy  walled  and 
lignified. 

Parenchyma  wralls  slightly  corrugated. 

Stomata  in  3  to  5  rows  on  each  side. 


Material  from  Herbarium  of  Iowa  State  College. 


Plate  XLIV. 

Figure  1. — Section  of  leaf  of  Picea  Engelmanni. 

Figure  2. — Section  through  epidermis  asd  stomata  of  leaf  of 
P.  Engelmanni. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  Engel¬ 
manni. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
Engelmanni. 
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IOWA  ACADEMY  OF  SCIENCE 


PICEA  PARRY  AN  A  Sarg.  Blue  Spruce. 

Leaves  4-angled,  1  inch  to  1%  inches  long. 

Resin  ducts  2,  large,  at  lateral  angles  of  leaves  or  slightly  below 
the  angles,  2  rows  of  cells  lining  ducts,  inner  layer  of  lignified, 
irregular  flat  cells. 

Vascular  bundle — Xylem  bundles  separated  by  two  rows  of 
long  narrow  lignified  cells,  large  irregular  cells  above  xylem 
lignified,  also  the  large  irregular  cells  below  phloem  lignified, 
cells  of  bundle  sheath  lignified  where  joined. 

Hypodermal  cells  lignified,  in  1  row  around  entire  periphery, 
thickening  into  2  rows  at  upper  and  lower  angles  of  leaf. 

Parenchyma  walls  smooth. 

Stomata  in  4  to  7  rows  on  each  side  of  leaf. 


Material  from  Campus  of  Iowa  State  College. 


Plate  XLV. 

Figure  1. — Section  of  leaf  of  Picea  parryana  (pungens) . 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  parryana.  . 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  parryana. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
parryana. 
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PIGEA  BREWERIANA  Wats.  Weeping  Spruce. 

Leaf  flat,  3-sided.  (The  lower  side  is  the  flat  side),  %  inch  to 
1%  inches  long. 

Resin  ducts  2,  large,  lateral,  touching  ventral  epidermis,  lined 
with  2  layers  of  flat  cells,  inner  layer  lignified. 

Vascular  bundle — Xylem  bundles  very  small,  separated  by  2  rows 
of  irregular,  lignified  cells.  Phloem  band  large,  cells  of  pith 
largely  lignified,  cells  of  bundle  sheath  lignified  where  joined 
to  each  other. 

Hypodermal  cells  very  pronounced  around  entire  periphery  ex¬ 
cept  on  upper  side  along  bands  of  stomata,  2  rows  deep,  3 
rows  deep  at  angles. 

Epidermis  cutinized  in  thick  outer  walls,  inner  wall  lignified. 

Stomata  in  broad  bands  on  upper  surface  only,  4  to  5  rows  in 
each  band. 

Parenchyma  deeply  corrugated. 


Material  from  State  House  grounds,  Sacramento,  California. 


Plate  XLVI. 

Figure  1. — Section  of  leaf  of  P.  breweriana. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  breweriana. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  brew¬ 
eriana. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 

breweriana. 
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PICE  A  SITCHENSIS  Carr.  Sitka  Spruce. 

Leaves  flat,  y2  inch  to  l1/^  inches  long. 

Resin  ducts  none. 

Vascular  bundles — Xylem  not  apparently  separated,  cells  of 
pith  above  xylem  and  below  phloem  lignified,  lignified 
strengthening  cells  present  below  phloem,  bundle  sheath  some¬ 
what  lignified. 

Hypodermal  cells  lignified,  in  one  layer  except  at  lateral  edges 
of  leaf  and  in  dorsal  and  ventral  angles  where  there  is  an 
increase  of  2  to  3  layers.  Thinner  walled  hypodermal  cells 
below  epidermis  between  the  angles  of  the  leaf  on  ventral 
side. 

Parenchyma  walls  deeply  corrugated. 

Stomata  occasionally  in  2  to  3  rows  on  each  side  of  midrib  on 
lower  surface,  numerous  stomata  on  upper  surface. 


Materials  from  University  of  Washington  and  from  State  House 
grounds,  Sacramento,  California. 


Plate  XLVII. 

Figure  1. — Section  of  leaf  of  Pice  a  sitchensis. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
P.  sitchensis. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 

sitchensis. 
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KEY  TO  TSUGA. 

1.  Leaves  flat. 

2.  Five  to  six  rows  of  stomata  on  each  side  of  midrib . 

. T.  canadensis 

2.  Seven  to  eight  rows  of  stomata  on  each  side  of  midrib. 
Cells  of  upper  palisade  not  deep.  Cells  of  parenchyma 
along  lower  surface  irregular,  or  in  shallow  palisade 
arrangement.  Secretory  cells  of  resin  duct  not  con¬ 
spicuously  one-layered . T.  caroliniana 

2.  Seven  to  nine  rows  of  stomata  on  each  side  of  midrib. 
Deep  and  narrow  palisade  on  upper  surface.  Cells  of 
parenchyma  on  lower  surface  having  greatest  length 
laterally.  Secretory  cells  of  resin  duct  conspicuously 
one-layered  . T.  heterophylla 

1.  Leaves  concave  above. 

Stomata  on  both  surfaces.  Eight  rows  on  each  side  of 
midrib  on  ventral  surface . T.  mertensiana 

TSUGA  CANADENSIS  Carr.  Hemlock. 

Leaves  flat,  grooved  on  top,  1/3  to  2/3  incli  long,  edges  tend  to 
turn  up. 

Kesin  duct  1,  large,  central,  on  ventral  side  touching  epidermis, 
lined  with  1  layer  of  thin  flat  lignified  cells. 

Vascular  bundles  enclosed  in  an  inconspicuous  sheath  of  large, 
round,  loosely  joined  cells.  Xylem  bundles  very  small, 
scarcely  separated.  No  other  cells  except  those  of  xylem  lig¬ 
nified. 

Hypodermal  cells  sometimes  present  along  dorsal  groove.  Epi¬ 
dermis  not  lignified,  guard  cells  and  those  cells  adjacent  lig¬ 
nified. 

Stomata  on  lower  surface,  5  to  6  rows  each  side  of  midrib. 


Material  from  Campus  of  Iowa  State  College. 


Plate  XL VIII. 

Figure  1. — Section  of  leaf  of  Tsuga  canadensis. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
T.  canadensis. 

Figure  4. — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  canadensis. 
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TSUGA  CAROLINIANA  Engelm.  Hemlock. 

Leaf  flat,  straight,  1/3  to  %  inch  long. 

Resin  cluct  1,  small,  central,  touching  hypodermal  cells  adjoin¬ 
ing  epidermis ;  lined  with  a  layer  of  flat  lignified  cells. 

Vascular  bundle  enclosed  in  a  sheath  of  large,  round,  loosely 
joined  cells.  Xylem  bundle  small  and  separated  by  a  layer 
of  large  thin  walled  cells.  Two  groups  of  lignified  cells  at 
each  side  of  phloem. 

Hypodermal  cells  in  angles  formed  by  epidermis  and  resin  duct 
at  edges  of  leaf  and  a  few  scattered  singly  on  dorsal  side. 

Stomata  in  bands  of  7  to  8  rows  each  on  ventral  side  either 
side  of  midrib. 


Material  from  Biltmore,  North  Carolina. 


Plate  XLIX. 

Figure  1. — Section  of  leaf  of  Tsuga  caroliniana. 

Figure  2. — Section  through  epidermis  and  stoma  of  T.  caro¬ 
liniana. 

Figure  4. — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  caroliniana. 
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TSUGA  HETEROPHYLLA  Sarg.  Hemlock. 

Leaves  flat,  edges  tending  downward,  to  %  inch  long,  grooved 
top. 

Resin  duct  1,  large,  lined  with  2  layers  of  cells,  inner  layer  con¬ 
sisting  of  large,  round,  unlignified  cells. 

Vascular  bundles  enclosed  in  a  sheath  of  large  loose  cells;  within 
the  sheath,  in  addition  to  vascular  bundle,  lie  a  few  lignified 
cells  below  and  at  each  side  of  phloem. 

Hypodermal,  lignified  cells  present  along  lateral  edges  of  leaf 
and  along  dorsal  groove.  AValls  of  guard  cells  lignified. 

Stomata  in  bands  of  7  to  9  rows  along  each  side  of  midrib. 

Parenchyma  along  ventral  surface  of  leaf,  having  cells  arranged 
with  greatest  length  laterally. 


Material  from  University  of  Washington,  Seattle. 


Plate  L. 

Figure  1. — Section  of  leaf  of  Tsuga  heterophylla. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
T.  heterophylla. 

Figure  4. — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  heterophylla. 
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TSUGA  MERTENSIANA  Sarg.  Mountain  Hemlock. 

Leaves  flat,  grooved  on  top,  edges  tending  down,  1-12  to  1  inch 
long. 

Resin  duct  1,  small,  central,  on  ventral  side  touching  epidermis; 
cells  lining  duct  not  in  a  definite  layer. 

Vascular  bundle  enclosed  in  an  obscure  sheath  of  large,  round, 
loosely  joined  cells,  xylem  bundles  small,  separated  by  1  or  2 
rows  of  unlignified  cells,  groups  of  cells  in  pith  on  each  side 
of  phloem  lignified. 

llypodermal  cells  present  only  at  edges  of  leaf,  cells  lignified 
also  at  point  where  duct  and  epidermis  touch;  guards  cells 
lignified. 

Stomata  on  both  surfaces,  8  rows  on  each  side  of  midrib  on 
ventral  surface. 


Material  from  Jamaica  Plains,  Massachusetts. 


Plate  LI. 

Figure  1. — Section  of  leaf  of  Tsuga  mertensiana. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
T.  mertensiana. 

Figure  4. — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  mertensiana. 
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PSEUDOTSUGA  MUCRONATA  Sudw.  Douglas  Fir. 

Leaves  flat,  notched  above  and  keeled  below,  %  inch  to  l1/^ 
inches  long.  [! 

Resin  ducts,  2,  lateral  and  touching  epidermis  on  ventral  side, 
ducts  lined  with  2  layers  of  cells,  lignified  where  touching 
epidermis. 

Vascular  bundle  surrounded  by  a  most  pronounced  bundle 
sheath  of  lignified  cells.  Xylem  bundles  appearing  as  one, 
cells  below  phloem  and  above  xylem  lignified. 

Hypodermal  cells  present  in  1  to  3  layers  along  dorsal  and  ven¬ 
tral  midrib,  heavily  lignified. 

Epidermis  cells  mammillated,  mammillation  most  pronounced  on 
ventral  surface. 

"Walls  of  parenchyma  corrugated. 

Stomata  on  lower  surface. 


Material  from  Campus  and  herbarium  of  Iowa  State  College; 
Jamaica  Plains,  Massachusetts;  "University  of  Washington, 
Seattle;  State  House  grounds,  Sacramento,  California;  and 
University  of  California. 


Plate  LII. 

Figure  1. — Section  of  leaf  of  Psendotsuga  mucronata. 

Figure  2. — Section  through  epidermis  and  stoma  of  leaf  of 
P.  mucronata. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  mucro¬ 
nata. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
mucronata. 
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PSEUDOTSUGA  MACROCARPA  Mayr.  Hemlock. 

Leaves  flat,  grooved  above,  keeled  below,  edges  tending  down¬ 
ward,  %  inch  to  1 14  inches  long. 

Resin  duets  2,  lateral,  lignified  where  touching  ventral  epidermis. 

Vascular  bundle  surrounded  by  a  most  pronounced  bundle 
sheath,  cells  of  sheath  lignified.  Xylem  appears  as  one  bundle 
with  only  a  slight  demarcation.  Lignified  strengthening  cells 
present  below  phloem  and  a  wide  band  of  lignified  cells  ex¬ 
tend  from  xylem  through  center  of  phloem. 

Hypodermal  cells  present  in  one  layer  around  entire  peri¬ 
phery.  Walls  lignified  and  very  thick. 

Cells  of  epidermis  mammillated. 

Stomata  on  ventral  surface. 


Material  from  Herbarium  of  Iowa  State  College ;  from  San  Ber¬ 
nardino,  California,  and  from  State  House  grounds, 
Sacramento,  California. 


Plate  LIII. 

Figure  1. — Section  of  leaf  of  Pseudotsuga  macrocarpa. 

Figure  2. — Section  through  epidermis  of  leaf  of  P.  macro¬ 
carpa. 

Figure  3. — Section  through  resin  duct  of  leaf  of  P.  macro¬ 
carpa. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  P. 
macrocarpa. 

Note :  The  distinguishing  feature  between  the  leaves  of  the 
two  species  of  Pseudotsuga  consists  in  the  presence  of  a  continu¬ 
ous  band  of  heavy  walled,  lignified,  hypodermal  cells  in  the  leaf 
of  P.  macrocarpa  and  the  absence  of  the  same,  except  along  the 
midrib,  in  P.  mucronata.  This  fact  tallies  with  the  environ¬ 
mental  conditions  under  which  the  trees  grow,  as  P.  macrocarpa 
lives  under  more  xerophytic  conditions  than  P.  mucronata. 
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1. 


1. 


KEY  TO  SPECIES  OF  ABIES. 

Leaves  flat. 

2.  Resin  duct  lateral  and  interparenchymal. 

3.  Hypodermal  cells  not  present,  stomata  4  to  8  rows 

on  lower  side . A.  balsamea 

3.  Hypodermal  cells  present. 

4.  Stomata  on  lower  surface  only,  8  to  12  rows 

. A.  Fraseri 

4.  Stomata  on  upper  and  lower  surfaces,  8  to  10 

rows  below,  indefinite  number  above . 

. A.  lasiocarpa 

2.  Resin  ducts  lateral,  touching  lower  epidermis. 

3.  Hypodermal  cells  present  on  dorsal  side  in  con¬ 
tinuous  layer,  or  around  entire  periphery, 
except  along  bands  of  stomata. 

4.  Stomata  not  present  on  dorsal  surface. 

5.  Leaf  small,  deeply  grooved.  Margins 
curving  up.  Stomata  in  bands  of  6 

to  8  rows  each . A.  amabilis 

5.  Leaf  very  long,  flat  or  slightly  rounded 
on  upper  side.  Eight  to  sixteen  rows 

of  stomata  in  each  band . A.  venusta 

4.  Stomata  present  on  both  dorsal  and  ventral 

surface,  leaf  deeply  notched  above.. A.  nobilis 
3.  Hypodermal  cells  present  only  in  lateral  angles  of 
leaf,  and  along  ventral  midrib  or  in 
groups  of  2  or  3  along  dorsal  side. 

4.  Stomata  on  ventral  surface  only . A.  grandis 

4.  Stomata  on  both  dorsal  and  ventral  surfaces 

. A.  concolor 


Leaves  4-angled  or  rounded. 

2.  Bundle  sheath  obscure.  Vascular  bundles  close  together. 

The  same  number  of  rows  of  stomata  on  all  sur¬ 
faces  . A.  magnified 

2.  Bundle  sheath  distinct.  Vascular  bundles  far  apart. 
Rows  of  stomata  more  numerous  on  lower  surface... 
. A.  nobilis 


ABIES  FRASERI  Poir.  Balsam  Fir. 

Leaves  flat,  edges  tending  down,  y2,  to  1  inch  long. 

Resin  ducts  large,  lateral  and  more  or  less  touching  ventral  epi¬ 
dermis,  lined  with  two  rows  of  cells. 

Vascular  bundles  small,  enclosed  in  a  sheath  of  large,  round, 
loosely  joined  cells;  xylem  bundles  small  and  close  together, 
separated  by  a  band  of  thin  walled  cells,  one  row  wide.  The 
thin  walled  irregular  cells  present  below  and  between  phloem 
are  lignified. 

Hypodermal  cells  present  in  angles  made  by  duets  and  epider¬ 
mis,  and  in  small  number  along  midrib. 

Epidermis  not  lignified. 

Stomata  present  on  lower  surface  in  band  of  8  to  12  rows  each 
side  of  midrib. 


Material  from  Jamaica  Plains,  Massachusetts. 


Plate  LIV. 

Figure  1. — Section  of  leaf  of  Abies  fraseri. 

Figure  2. — Section  of  epidermis  and  stomata,  leaf  of  A.  fraseri. 
Figure  3. — Section  through  resin  duct  of  leaf  of  A.  fraseri. 
Figure  4. — Section  of  vascular  cylinder,  leaf  of  A.  fraseri. 
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ABIES  BALSAMEA  Mill.  Balsam  Fir. 

Leaves  flat,  edges  tending  down,  i/2  inch  to  1^4  inches  long. 

Resin  ducts  interparenchymal,  lined  by  two  layers  of  unlig- 
nified  cells. 

Vascular  bundle  surrounded  by  a  slightly  differentiated  bundle 
sheath  of  large,  loose  cells,  lignified  where  joined  together; 
most  of  cells  in  pith  below  phloem  lignified. 

Hypodermal  cells  not  present  or  seldom  so.  No  lignification  of 
epidermis  except  guard  cells. 

Stomata  in  4  to  8  rows  each  side  of  mid  rib  on  lower  surface. 


Material  from  Cass  Lake,  Minnesota. 


Plate  LV. 

Figure  1. — Section  of  leaf  of  Abies  balsamea. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
A.  balsamea. 

Figure  3. — Section  through  resin  duet  of  leaf  of  A.  balsamea. 

Figure  4.— Section  through  vascular  cylinder  of  leaf  of  A. 
balsamea. 
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ABIES  AMABILIS  Forbes.  White  Fir. 

Leaves  flat,  edges  turned  up,  %  inch  to  l1/^  inches  long. 

Resin  ducts  lateral,  touching  epidermis  on  ventral  side,  lined 
with  two  layers  of  unlignifled  cells. 

V ascular  bundles  surrounded  by  a  sheath  of  large,  round,  loosely 
joined  cells,  xylem  bundles  small,  separated  by  a  band  of  2 
to  3  rows  of  lignified  cells ;  a  group  of  large  cells  below  phloem 
lignified. 

Hypodermal  cells  present  around  entire  periphery  except  along 
bands  of  stomata.  Walls  of  these  cells  very  thick  and  lig¬ 
nified  ;  the  inner  walls  of  the  epidermis  lignified. 

Stomata  on  lower  surface,  6  to  8  rows  each  side  of  midrib. 


Material  from  Jamaica  Plains,  Massachusetts. 


Plate  LVI. 

Figure  1. — Section  of  leaf  of  Abies  amabilis. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
A.  amabilis. 

Figure  3. — Section  through  resin  duct  of  leaf  of  A.  amabilis. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 
amabilis. 
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ABIES  GRAND  IS  Lindl.  White  Fir. 

Leaves  flat,  edges  tending  down,  lH  to  2^4  inches  long. 

Resin  duets  small,  lateral,  touching  epidermis  on  ventral  side, 
lined  with  2  layers  ox  cells. 

Vascular  bundles  surrounded  by  a  sheath  of  large,  round,  loosely 
joined  cells.  The  large  irregular  cells  separating  the  bundles 
and  these  below  lignified. 

Hypodermal  cells  present  within  epidermal  layer  between  bands 
of  stomata  on  lower  side,,  at  the  edges  of  the  leaf,  and  scat¬ 
tered  in  groups  of  1  or  2  along  upper  surface.  Epidermal 
cell  walls  not  lignified. 

Stomata  present  on  lower  surface  of  leaf.  7  to  10  rows  each  side 
of  midrib. 


Material  from  Jamaica  Plains.  Massachusetts. 


Plate  LYII. 

Figure  1. — Section  of  leaf  of  Abies  grandis. 

Figure  2. — Section  through  epidermis  and  stomata  of  leaf  of 
*4.  grandis. 

Figure  3. — Section  through  resin  duet  of  leaf  of  A.  grandis. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 

grandis. 
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ABIES  LASIOCABPA  Nutt.  Balsam  Fir. 

Leaves  flat,  1  inch  to  1%  inches  long. 

Resin  duets  large,  interparenchymal,  and  lateral;  lined  by  2 
rows  of  thin  cells. 

Vascular  bundles  small  and  near  upper  margin  of  vascular  cyl¬ 
inder.  The  large  loose  cells  below  phloem  are  lignified. 

Hypodermal  cells  present  below  epidermis  at  lateral  edges,  and 
between  the  bands  of  stomata  on  lower  surface.  Inner  walls 
of  epidermis  lignified. 

Stomata  present,  in  4  to  5  rows  each  side  of  midrib  on  dorsal 
side  and  7  to  8  rows  each  side  of  midrib  on  ventral  side. 


Material  from  Jamaica  Plains,  Massachusetts. 


Plate  LVIII. 

Figure  1. — Section  of  leaf  of  Abies  lasiocarpa. 

Figure  2. — Section  through  epidermis  and  stoma  of  leaf  of 
A.  lasiocarpa. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 
lasiocarpa. 
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ABIES  COXC'OLOR  Lindl.  and  Gord.  "White  Fir. 

Leaves  flat,  straight.  2  to  3  inches  long. 

Resin  duets  ventral,  touching  epidermis;  lined  with  2  layers  of 
cells  :  not  lignified.  except  where  duets  touch  epidermal  wall. 

Vascular  bundles  very  far  apart,  cells  between  lignified,  no  trace 
of  a  bundle  sheath. 

Hypodermal  cells  present  on  lateral  edges  and  on  lower  side  of 
leaf  between  bands  of  stomata. 

Guard  cells  and  heavy  cells  in  epidermis  above  them  lignified. 

Stomata  in  6  to  7  rows  each  side  of  midrib  above,  in 
5  to  6  rows  each  side  of  midrib  below. 


Material  from  Campus  of  Iowa  State  College  and  from 
Jamaica  Plains,  Massachusetts. 


Plate  LIX. 

Figure  1. — Section  of  leaf  of  Alies  concolor. 

Figure  2. — Section  through  epidermis  and  stoma  of  leaf  of 
M.  concolor. 

Figure  3. — Section  through  resin  duet  of  leaf  of  A.  concolor. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 
concolor. 
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ABIES  VENUSTA  K.  Kosh.  Silver  Fir. 

Leaves  flat,  straight,  lanceolate  iy2 — 214  in.  long,  %  in.  wide. 

Resin  duets  small,  ventral,  touching  epidermis,  lined  with  2  lay¬ 
ers  of  thin  walled  cells. 

Vascular  bundles — surounded  by  a  slight  bundle  sheath  of  loose, 
round  cells ;  heavy  walled  irregular  cells  between  bundles,  lig- 
nified ;  phloem  extending  far  around  the  sides  of  bundles. 

Hypodermal  cells  present  in  double  or  triple  layers  below  epi¬ 
dermis  around  entire  periphery,  except  along  stomata  bands, 
strongly  lignified ;  heavy  layer  of  cutin  over  epidermis. 

Stomata  on  lower  surface  only  in  bands  of  8-16  rows  each  side 
of  mid-rib. 


Material  from  California. 


Plate  LX. 

Figure  1. — Section  of  leaf  of  Abies  venusta. 

Figure  2. — Section  through  lower  epidermis  and  stoma  of  leaf 
of  Abies  venusta. 

Figure  3. — Section  through  epidermis  and  resin  duct  of  Abies 
venusta. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  Abies 
venusta. 
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ABIES  NOBILIS  Lincll.  Red  Fir. 

Leaves  flat  and  deeply  grooved  above,  on  sterile  branches;  4- 
angled  on  fertile  shoots,  y2  inch  to  iy2  inches  long. 

Resin  ducts  lateral,  touching  ventral  epidermis,  lined  with  2 
layers  of  unlignified  cells. 

Vascular  bundles  surrounded  by  a  bundle  sheath  of  round, 
loosely  joined  cells;  cells  below  phloem  lignified. 

Hypodermal  cells  present  in  lateral  angles  of  leaf  and  along 
dorsal  and  ventral  midribs  in  1  to  2  layers,  cells  thick  walled 
and  lignified.  In  the  4-angled  leaves  they  are  more  or  less 
present  around  entire  periphery. 

Stomata  present  on  both  surfaces,  8  rows  on  upper  surface  and 
10  rows  on  lower  surface. 


Material  from  Herbarium,  Iowa  State  College. 


Plate  LXI. 

Figure  1. — Section  of  leaf  of  Abies  nobilis. 

Figure  2. — Section  through  epidermis  and  stoma  of  A.  no¬ 
bilis. 

Figure  3. — Section  through  resin  duct  of  leaf  of  A.  nobilis. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 
nobilis. 
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ABIES  MAGNIFICA  A.  Murr.  Red  Fir. 

Leaves  4-angled.  %  inch  to  1%  inches  long. 

Resin  dnets.  large,  lateral,  touching  epidermis  on  ventral  side, 
lined  by  2  layers  of  unlignified  cells. 

Vascular  bundles  large  and  close  together.  Vascular  cylinder 
not  surrounded  by  a  definite  sheath  :  2  large  groups  of  ligni- 
fied  cells  present  each  side  of  phloem. 

Hypodermal  cells  thick  walled  and  lignified.  located  in  lateral 
angles,  dorsal  angles,  and  adjoining  resin  ducts,  also  scattered 
in  groups  of  2  and  3  along  ventral  side  of  leaf. 

Stomata  in  bands  of  6  to  8  rows  on  each  of  the  four  sides  of  the 
leaf. 


Material  from  Jamaica  Plains,  Massachusetts. 


Plate  LXII. 

Figure  1. — Section  of  leaf  of  Abies  magnified. 

Figure  2. — Section  through  epidermis  and  stoma  of  leaf  of 
A.,  magnified. 

Figure  3. — Section  through  resin  duet  of  leaf  of  A.  mag¬ 
nified. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  A. 
■magnified. 
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SEQUOIA  SEMPERVIRENS  Endl.  Red  Wood. 

Leaves  (secondary  and  lower  branches)  flat,  lanceolate,  14  to 
inch  long. 

Resin  ducts  3,  lined  with  unlignified-  cells. 

Vascular  bundle  one.  No  bundle  sheath.  Cells  adjoining  bundle 
slightly  lignified. 

Hypodermal  cells  present  along  upper  surface  and  extending 

around  edges  of  leaf  to  resin  duets,  lignified  and  thick 
walled. 

Epidermal  cells  not  lignified. 

Stomata  on  dorsal  surface  in  2  narrow  bands,  ventral  surface 
stomatiferous  on  each  side  of  midrib. 


Material  from  University  of  California. 


Plate  LXIII. 

Figure  1. — Section  of  leaf  of  Sequoia  sempervirens. 

Figure  2. — Section  through  upper  epidermis  of  leaf  of  S. 
sempervirens. 

Figure  3. — Section  through  lateral  resin  ducts  of  leaf  of  S. 
sempervirens. 

Figure  3  (lower). — Section  showing  stoma  and  underlying 
parenchyma  of  S.  sempervirens. 

Figure  4. — Section  through  vascular  cylinder  and  central 
resin  duct  of  leaf  of  S.  sempervirens. 
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TAXODIUM  DISTICHUM  Rich.  Bald  Cypress. 

Leaves  small,  y2  to  %  inch  long,  flat,  notched  on  top. 

Resin  ducts  not  present. 

Vascular  bundles  obscure.  Xylem  consists  of  6  or  more  small 
lignified  cells,  the  remainder  of  bundle  composed  of  a  group 
of  small  undifferentiated,  round  cells.  At  each  side  of  bundle 
lie  3  to  4  large  cells  slightly  lignified. 

Hypodermal  cells  not  present. 

Epidermal  cells  not  lignified. 

Parenchyma  walls  corrugated. 

Stomata  on  lower  surface  of  leaf. 


State  House  grounds,  Sacramento,  California. 


Plate  LXIV. 

Figure  1.  - — Section  of  leaf  of  Taxodium  distichum  showing 
resin  duct. 

Figure  1'. — Section  of  the  same  showing  a  leaf  not  having 
resin  duct. 

Figure  2.  - — Section  through  lower  epidermis  and  stoma  of 
leaf  of  T.  distichum. 

Figure  2'. — Section  through  upper  epidermis  of  same. 

Figure  4.  — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  distichum. 
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TUMION  TAXIFOLIUM  Green,  Torreya.  Stinking  Cedar. 

Leaves  very  broad  and  flat,  iy2  inches  long,  edges  tending  down. 

Resin  duct  1,  large,  ventral,  central,  below  vascular  bundle  but 
not  touching  epidermis.  Lined  by  several  irregular  concentric 
layers  of  cells. 

Vascular  bundle  single,  not  enclosed  in  a  sheath.  Xylem  bundle 
thin  and  crescent  shaped,  often  a  few  strengthening  fibers 
present  at  sides  of  phloem. 

Hypodermal  cells  not  present. 

Epidermis  shallow,  heavy  walled  and  lignified,  lower  epidermal 
cells  slightly  mammillated. 

Stomata  borne  in  2  broad,  shallow  grooves  on  ventral  side  of 
leaf,  one  groove  each  side  of  midrib.  Stomata  flanked  by  long 
forked  pillars,  guard  cells  lignified. 

Palisade  parenchyma  not  very  deep,  composed  of  broader  shal¬ 
lower  cells  than  Tumion  calif ornicum. 


Material  from  Tallahasse,  Florida. 


Plate  LXV. 

Figure  1.  — Section  of  leaf  of  Tumion  taxifolium. 

Figure  2. — Section  through  a  ventral  groove,  on  leaf  of  T. 
taxifolium,  showing  stomata  and  pillar-like  cells. 

Figure  2’. — Section  through  epidermis  of  leaf  of  T.  taxi- 
folium. 

Figure  4.  — Section  through  vascular  cylinder  and  resin  duct 
cf  leaf  of  T.  taxifolium. 


4 


576 


IOWA  ACADEMY  OF  SCIENCE 


TUMION  CALIFOENICUM  Greene.  California  Nutmeg. 

Leaves  flat,  1  inch  to  3 y2  inches  long,  edges  tend  down. 

Resin  duct  one,  large,  central,  on  ventral  side,  not  touching  epi¬ 
dermis,  lined  by  several  irregular  concentric  layers  of  cells. 

Vascular  bundle  one,  not  enclosed  in  a  definite  bundle  sheath. 

Hypodermal  cells  not  present.  Epidermis  deep,  very  thick 
walled  and  lignified,  lower  epidermis  decidely  mammillated. 

Stomata  borne  in  deep  narrow  grooves  on  ventral  side  of  leaf, 
one  groove  each  side  of  midrib.  Stomata  flanked  by  long 
forked  suberized  pillars. 

Palisade  parenchyma  very  deep,  composed  of  long  narrow  cells. 


Material  from  University  of  California. 


Plate  LNVI. 

Figure  1.  — Section  of  leaf  of  Tumion  calif ornicum. 

Figure  2'. — Section  through  upper  epidermis  of  leaf  of  T. 
calif  ornicum. 

Figure  2".  — Section  through  lower  epidermis  of  leaf  of  T. 
calif  ornicum. 

Figure  2'". — Section  through  a  ventral  groove  on  leaf  of  T. 
calif  ornicum,  showing  stomata  and  pillar-like  cells. 

Figure  4.  — Section  through  vascular  cylinder  and  resin  duct 
of  leaf  of  T.  calif  ornicum. 
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TAX  US  BREVIFOLIA  Nutt.  Yew. 

Leaves  broad  and  flat,  y2  to  %  inch  long. 

No  resin  ducts. 

Vascular  bundles  not  large,  surrounded  by  a  group  of  round, 
loosely  .joined  cells;  a  group  of  lignified  cells  present  in  pith 
at  each  side  of  xylem  band. 

No  hypodermal  cells. 

Epidermal  cells  very  large  and  spherical,  covered  by  a  thick  cut- 
in,  cutin  deeply  mammillated  on  lower  side  of  leaf ;  guard  cells 
lignified. 

Palisade  parenchyma  not  deep  nor  cells  so  narrow  as  in  case  of 
T axus  floridana. 


Material  from  University  of  Washington. 


Plate  LXVII. 

Figure  1.— Sections  of  leaves  of  Taxus  brevifolia. 

Figure  2. — Section  through  lower  epidermis  and  stoma  of 
leaf  of  T.  brevifolia. 

Figure  4. — Section  through  vascular  cylinder  of  leaf  of  T. 
brevifolia. 
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TAXVS  FLORIDAN  A  Chapm.  Yew. 

Leaves  broad  and  flat,  %  to  1  inch  long. 

Resin  duets  none. 

Vascular  bundles  large,  not  surrounded  by  a  sheath  but  by  a 
mass  of  loosely  joined  cells.  Xylem  in  narrow  band,  lignified 
cells  present  in  pith  at  each  side  of  xylem. 

Ilypodermal  cells  not  present. 

Cells  of  epidermis  flattened,  smaller  than  in  Taxus  brevifolia, 
heavily  cutinized,  cutin  deeply  mammillated  on  lower  surface ; 
guard  cells  lignified. 

Palisade  parenchyma  deep,  composed  of  long  narrow  cells. 


Material  from  State  House  grounds,  Sacramento,  California. 


Plate  LXVIII. 

Upper  figure. — Section  of  leaf  of  Taxus  floridana. 

Figure  2.  — Section  through  upper  epidermis  and  palisade 
parenchyma  of  leaf  of  T.  floridana. 

Figure  2'. — Section  through  lower  epidermis  of  leaf  of  T. 
floridana. 

Lower  figure. — Section  through  vascular  cylinder  of  leaf  of  T. 
floridana. 
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